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Abstract

Introduction A limited amount of systematic literature re-
views on the association between malocclusions and oral
health-related quality of life (OHRQOL) summarize inconclu-
sive results. Therefore, we conduct a systematic review and
meta-analysis on the association of malocclusions with
OHRQOL in children.

Methods Relevant studies were identified in Pubmed,
Embase, Cochrane, Google Scholar and other databases. All
studies with data on malocclusions or orthodontic treatment
need and OHRQOL in children were included. Methodolog-
ical quality of the studies was assessed with the Newcastle-
Ottawa Scale (NOS). Random effects models were used to
estimate summary effect measures for the association between
malocclusion and OHRQOL in a continuous and a categorical
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data analysis. Tests for heterogeneity, publication bias and
sensitivity of results were performed.

Results In total, 40 cross-sectional studies were included in
the meta-analyses. Summary measures of the continuous data
show that OHRQOL was significantly lowered in children
with malocclusions (standardized mean difference (95 %
CI]=0.29 (0.19-0.38)). The summary odds ratio for having
an impact on OHRQOL was 1.74 times higher in children
with malocclusion than in children without malocclusions.
Heterogeneity among studies was partly explained by maloc-
clusion assessment, age of the children and country of study
conduction.

Conclusion Our results provide evidence for a clear inverse
association of malocclusion with OHRQOL. We also showed
that the strength of the association differed depending on the
age of the children and their cultural environment.

Clinical relevance Dentists benefit from understanding the
patient differences regarding the impact of malocclusions.

Keywords Meta- analysis - Quality of life - Malocclusions -
Children

Introduction

Malocclusion is one of the most common oral disorders in the
Netherlands. In 2005, half of the Dutch adolescents have had
orthodontic treatment, and in 2011, this proportion increased
to 60 % [1]. A variety of deviant occlusal traits exist that in
itself can vary in severity.

The concept of oral health-related quality of life
(OHRQOL) arose in the orthodontic literature to explain the
variability in professionally determined (objectively) and
patient-determined (subjectively) need for orthodontic treat-
ment [2, 3]. OHRQOL is a patient-reported outcome assessed
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by questionnaires to measure the psychological impact of the
dentition. More precisely, OHRQOL is the interplay of oral
health variables such as biological and physiological function-
al status, as well as personal attributes like role functioning,
social functioning and psychological functioning, that repre-
sent the multidimensional and individual perception of oral
health [4]. In this way, it describes the standard of the oral
and related tissues which enables an individual to eat, speak
and socialize without active disease, discomfort or embarrass-
ment and which contributes to general well-being [5]. In the
last 15 years, the literature on the association of malocclusions
and OHRQOL has greatly expanded [6].

Most studies in the orthodontic literature on OHRQOL use
small convenience samples, which limits their evidence. In
2006, Zhang et al emphasized the impact of heterogeneous
population groups and measurement tools on the conflicting
evidence in orthodontic OHRQOL research [3]. Indeed, Liu
et al reviewed the literature in 2009, but found only a modest
association between malocclusion and the quality of life
among mixed ages [2]. A recent meta-analysis on malocclu-
sions, orthodontic treatment and OHRQOL in adults found a
moderate increase of OHRQOL after treatment (standardized
mean difference (SMD)(95 % CI) 1.29 (0.67-1.92)), but the
difference in OHRQOL between people with and people with-
out malocclusion was small (SMD (95 % CI) 0.84 (0.25—
1.43)) [7]. Both reviews suffered from the considerable differ-
ences in study design.

The impact of malocclusions and OHRQOL might be
different in children than in adults as they deal differently
with disease, but also with psychological, social and emo-
tional factors [8]. In addition, children and adult
OHRQOL measures are different; thus, they should not
be investigated simultaneously. When the focus lies on
OHRQOL in children, a variety of instruments exist with-
out one universally accepted. One of the first instruments
used in adolescents is the Oral Health Impact Profile-14
(OHIP-14) [9]. In 2002, the Child Perception Question-
naire (CPQ) was developed and further developed into the
Child Oral Health Impact Profile (COHIP) [8, 10]. And in
2004, the Child Oral Impact of Daily Performances
(OIDP) was derived from its adult form [11]. Finally in
2007, an instrument for very young children was devel-
oped, the Early Childhood Oral Health Impact Scale
(ECOHIS) [12]. These various instruments have much in
common, but there are also differences as some focus on
the severity whereas others focus on the frequency of oral
impacts on OHRQOL, or some instruments make use of
parent forms whereas other address the questions directly
to the children. A systematic review and meta-analysis
with a sufficient amount of studies could explore and
explain the influence of differences among studies on
the association between malocclusion and OHRQOL. Be-
cause the majority of orthodontic patients are children and
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adolescents, this review focusses on the relationship of
malocclusions or orthodontic treatment need and
OHRQOL in subjects up to 18 years old.

Aim of the study

The primary objective of this study is to give a complete
overview on the influence of malocclusion, assessed as occlu-
sal trait or orthodontic treatment need, on OHRQOL measured
with validated questionnaires in children and adolescents.

The secondary objective of this study is to explain the
differences in the association between malocclusion and
OHRQOL in children by investigating the sources of hetero-
geneity among the included studies.

Material and methods

The present study was performed according to the guidelines
of the PRISMA statement for conducting a systematic review
[13]. The review protocol can be accessed via the webpage:
http://www.crd.york.ac.uk/PROSPERO/ (Registration
number: CRD42015019522).

Literature search

Relevant articles about the impact of malocclusion and ortho-
dontic treatment need on OHRQOL measured by a question-
naire were retrieved by searching Medline OvidSP, Embase,
Web-of-sciences, Cochrane central, PsycINFO, OvidSP,
Scopus, PsycINFO, Cinahl and finally Google Scholar. The
search strategy was built with text words and medical subject
headings (MeSH). The main terms were orthodontics,
(different) malocclusions, treatment need, quality of life and
self-perception. The term self-perception was added to the
search strategy to ensure that all articles were found with out-
come on OHRQOL. The full search strategy was built with the
support of the librarian of the Erasmus Medical Center and is
available in the supplemental material (S1). The search was
performed by two reviewers (LK, BD) independently. At first,
the titles of all articles were screened for their relevance. Here
upon, the abstracts of relevant articles were retrieved and read.
After the abstract selection, full-text copies of the selected
papers were retrieved and the final selection for inclusion
was made. After both reviewers performed the complete se-
lection procedure, the results of the searches were compared
and discussed in case of disagreement.

Study selection

For this systemic review all original and peer-reviewed human
studies on the relationship of orthodontic treatment need or
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malocclusion with OHRQOL in children were searched. The
first search was conducted to include all articles until
June 2013; a second search was performed to update the rel-
evant articles in September 2014. Finally, the search in
PUBMED was repeated in September 2015 to check whether
new relevant articles were available. For the selection of stud-
ies, predefined criteria were used.

All English-written studies providing quantitative informa-
tion about the association of malocclusions with OHRQOL
assessed by a questionnaire validated for the use in children
were included.

Letters to the editors, conference proceedings, unpublished
studies, case reports and series as well as reviews were ex-
cluded from the study selection. When multiple papers were
identified on the same population, the study with more infor-
mation on the data was included in the present review. Studies
with participants requiring orthognathic surgery or with
syndromic patients were excluded. Also, studies using general
(health related) quality of life measures were excluded. Stud-
ies that only measured the impact of orthodontic treatment or
had a before-after design were excluded when they had no
appropriate information on control groups before treatment
started. Also, studies with children that already had orthodon-
tic treatment or studies that did not use a healthy comparison
group (no or less malocclusion resp. orthodontic treatment
need) were excluded from this review. Finally, only studies
with subjects having a mean age under 18 years were included
in this review.

Studies that did not provide sufficient information on the
number of participants and number of patients with impacts
on OHRQOL or means with standard deviation of OHRQOL
per subgroup, either directly or to be calculated, were exclud-
ed from the meta-analysis, but summarized in a narrative way.
Studies that assessed orthodontic treatment need only with the
aesthetic component of the index of orthodontic treatment
need (IOTN-AC) were also excluded from the meta-analysis,
but included in the narrative review, because it is not clear
whether the IOTN-AC is assessed by the professional or the
patient. In Fig. 1, the flowchart of the study selection is pre-
sented. The narrative review is available in the supplement
(supplement S2).

Data extraction

From the final set of relevant studies, the following data were
extracted: study characteristics (first author, publication year,
country where the study was conducted, study design, study
size, number of cases and controls), the description and
assessment of the exposure (malocclusion or orthodontic treat-
ment need) and description of the outcome assessment (name,
length and administration of the questionnaire) (Table 1). For
studies that used a continuous OHRQOL measure, the mean
and standard deviations of OHRQOL as well as the number of

subjects per subgroups were extracted. For studies that used a
dichotomous OHRQOL measure, the number of patients with
lowered OHRQOL per subgroup as well as the total number
of subjects per subgroup was extracted. If a study reported on
more than one occlusal index or OHRQOL measure, results
from all were extracted to be used for subgroup analysis. For
the overall summary measure, the results based on the Dental
Aesthetic Index (DAI) were used [14—17]. One study reported
results with two OHRQOL measures, in which the only dif-
ference was the specific age group, i.e. CPQ8-10 and CPQ11-
14 [18]. For this study, both results are included in the meta-
analysis. In three studies, a generic and a condition-specific
OHRQOL measure was used, but for the analyses, the
condition-specific measure was taken only [14, 19, 20].

Data synthesis

When data were presented separately for girls and boys, these
were combined to one group. Mean and standard deviations
were re-calculated following the Cochrane Handbook [21].
One study did not present results on the overall OHRQOL
but presented the result per questions [22]. In this case, the
OR (95 % CI) was calculated per question. Afterwards, all OR
(95 % CI) were pooled with a fixed effects meta-analysis, and
the number of events per subgroup were re-calculated propor-
tional to the sample size of the study.

All analysis were performed with a dichotomous indepen-
dent variable malocclusion (malocclusion vs no malocclu-
sion). Therefore, for the studies that presented their results in
more defined subgroups, e.g. a borderline need category, the
subgroups were re-grouped following the guidelines of the
Cochrane Handbook [21]. The following cut-offs for ortho-
dontic treatment need indices were used to indicate no maloc-
clusion: For the Dental Aesthetic Index (DAI), the value of
‘minor/none’, grade one or a score <25 was used [14,
16-19, 23-32], for the IOTN, the grade <3 or borderline need
was used [14, 17, 20, 33] and for the Index of complexity
outcome and need (ICON), a score <31 or a cut-off value of
<43 was used [17, 34].

OHRQOL was assessed with various questionnaires
among the different studies. In general, all measures indicated
better OHRQOL with a lower score. Only the COHIP indi-
cated better OHRQOL with a higher score [35, 36]. In the
meta-analysis, the absolute mean differences were used for
the results based on the COHIP to make them comparable to
the results of other studies in the meta-analysis.

Quality assessment
We assessed the methodological quality of the individual stud-
ies with the Newcastle-Ottawa Scale (NOS) adapted for cross-

sectional studies [37, 38]. This scale rates the quality of the
included studies on three topics: selection of the study
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Fig. 1 Flowchart of study
selection

n= 3837
initial search

Excluded n = 2966 based on title:

age (mean > 18yrs), title different field
opirions, reviews, treatment evaluation,

impact of treatm ent, only objective
assessm ent, treatm ent plamming

n=871
left after screening titles

Excluded: n =454 based on abstract:

clear methodological, different patient
group, different topics, experiences of

treatment, not own situation professional
based other language

n=417
left after screening abstracts

Excluded: n = 54 about aesthetics;
n = 79 self assessed need; n= 56
patients motivation for treatment ;

n = 64 perceived impact of
malocclusion; n = 38 not found

N

n=126

life questionnaire

articlesleft that make use of a quality of

Excluded: n =12 double;n=15

no malocclusion assessment ; n =25
wrong sample, n = 17 other reason

n=57

on malocclusion and OHRQOL

included based cquantitative information

Excluded from meta- analysis, but

summarized in a natrative way: n= 17
(Bupplement 32)

n=40
included in m eta- analysis

population, comparability of the groups under study and the
outcome assessment. The maximum score of this scale is 10,
and we assigned high methodological quality to a study if a
score >5 was given.

Statistical analysis

Statistical analyses were performed in Review Manager 5.3
from the Cochrane Collaboration.

The studies were analysed in two ways. On the one hand,
studies that used a continuous OHRQOL scale (mean+SD)
were grouped in one meta-analysis. On the other hand, studies
that used a categorical OHRQOL outcome (no impact vs im-
pact ) were grouped into another meta-analysis. This grouping
was not mutually exclusive and when possible, we included
the studies in both meta-analyses.

@ Springer

Random effect models were used for the meta-analyses to
calculate summary SMD with 95 % Cls for the continuous
analyses and summary OR (SOR) with 95 % Cls for the cat-
egorical analysis.

Heterogeneity was assessed with the /-statistic. The /*-
statistic quantifies the relative inconsistency between studies.
P values above 50 % were considered to indicate substantial
inconsistency due to heterogeneity [39]. First, studies were
grouped based on their outcome measure, i.e. the OHRQOL
questionnaire. After that, we stratified the analysis where pos-
sible by the following predefined variables to explain hetero-
geneity and inconsistency in results: Malocclusion assess-
ment, mean age of the study population, country of study
conduction and whether the sample was recruited from
schoolchildren or from prospective orthodontic patients. Stud-
ies using the CPQ as OHRQOL measure were stratified on
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o 5 oaosdso o a0 a 0 age-specific measurements instead of mean age. We tested for
subgroup differences with the chi-square test.

Small study bias, respectively publication bias, was
inspected in funnel plots [40]. An asymmetric funnel shape
was used to inspect a biased relationship between study size
and effect size. We performed sensitivity analyses to test the
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- 58]. The ICON was used in two studies [17, 34], and Angle’s
B ;E classification system was also used in two studies [43, 47].
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5 Z 2g3dz @ 290 ol 42, 50, 52-56].
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L= In summary, 40 studies, reporting on 41 different samples,
< - =5 .o . . . . .
5 % = s @ were eligible for a quantitative analysis. This resulted in two
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Malocclusi No maloccl Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.1.1 CPQ
Aguilar-Diaz (2011)(1) 13.24 1134 147 15 114 65 3.5% 0.15[-0.14, 0.44) i
Barbosa (2009) 30.27 2359 40 217 173 50 27% 0.42 [-0.00, 0.84)
Barbosa (2009b) 30.09 2532 39 209 195 81 2.9% 0.42[0.04, 0.81] —
Bayat (2014) 943 7.76 196 82 833 72 37% 0.15[-0.12, 0.43) -
Bekes (2012) 8.2 79 688 6.2 64 373 46% 0.27 [0.14, 0.40] —
Brown (2006) 2538 17.58 76 1738 12.71 40 29% 0.49[0.11, 0.88] I —
Dawoodbhoy (2013) 2466 1643 188 1221 16.83 90 37% 0.75[0.49, 1.01] e —
Foster Page (2005) 1888 964 260 148 115 170 4.2% 0.39(0.20, 0.59] -
Foster Page (2013) 1458 796 279 135 8.5 74 38% 0.13[-0.12, 0.39) I [ —
Kolawole (2011) 21.524 15177 155 2511 1865 133 3.9% -0.21 [-0.44, 0.02) —_—
Laing (2010) 2682 3495 62 2852 3495 61 3.1% -0.48 [-0.84, -0.12) R —
Locker (2007) 206 8 132 161 8 9 1.6% 0.56 [-0.12, 1.24)
Scapini (2013) 1338 871 165 11.75 842 165 4.0% 0.19[-0.03, 0.41) 1
Schuch (2014) 14.841 1178 163 1391 1071 587 4.3% 0.08 [-0.09, 0.26) E=—pp—
Ukra (2013) 1257 8.258 539 9.9 75 244 44% 0.33[0.18,0.48) -
Zhang (2009) 234 151 142 164 114 70  35% 0.50 [0.21, 0.79] -
Subtotal (95% Cl) 32711 2284 56.6% 0.25[0.12, 0.37] <
Heterogeneity: Tau? = 0.04; Chi* = 60.72, df = 15 (P < 0.00001); I* = 75%
Test for overall effect: Z = 3.85 (P = 0.0001)
5.1.2 OIDP
Bernabe (2008) 328 584 25 115 367 175 27% 0.53[0.11, 0.95) —_—
Bernabe (2009) 185 321 361 082 319 673 46% 0.32[0.19, 0.45) =
Bernabe (2009) (1) 556 924 170 164 417 890 43% 0.74 [0.57, 0.90) ——
Hvaring (2014) 24 55 62 03 11 101 3.3% 0.60 [0.28, 0.92] I —
Mbawalla (2011) 0.34 1.02 2070 0.305 098 1132 4.8% 0.03 [-0.04, 0.11) N
Subtotal (95% Cl) 2688 2971 19.7% 0.43[0.12, 0.73] el
Heterogeneity: Tau? = 0.11; Chi* = 71.32, df = 4 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.76 (P = 0.006)
5.1.3 ECOHIS
Abanto (2011) 819 884 63 954 1034 197 3.6% -0.13[-0.42, 0.15] —
Kramer (2013) 095 3.08 723 08 311 311 45% 0.05 [-0.08, 0.18) T
Subtotal (95% Cl) 786 508 8.1% 0.00 [-0.15, 0.16]
Heterogeneity: Tau? = 0.00; Chi? = 1.31, df = 1 (P = 0.25); I* = 24%
Test for overall effect: Z = 0.02 (P = 0.98)
5.1.4 COHIP
Asgari (2013) 104.47 17.58 470 98 195 92  4.0% 0.36 [0.14, 0.59] =—
Kragt (2015) 169.51 11.3 47 16544 1465 195 33% 0.29 [-0.03, 0.61) T =
Subtotal (95% Cl) 517 287 7.3% 0.34 [0.15, 0.52] .
Heterogeneity: Tau? = 0.00; Chi* = 0.13,df =1 (P = 0.72); I* = 0%
Test for overall effect: Z = 3.60 (P = 0.0003)
5.1.5 PIDAQ
Montiel-Company (2013) 3598 13.38 359 29.18 1463 349 4.4% 0.48 [0.34, 0.63) —
Paula jr (2011) 219 1287 151 141 102 150 3.9% 0.67 [0.44, 0.90] _—
Subtotal (95% CI) 510 499 8.4% 0.56 [0.38, 0.73] B
Heterogeneity: Tau* = 0.01; Chi* = 1.72, df = 1 (P = 0.19); I* = 42%
Test for overall effect: Z = 6.18 (P < 0.00001)
Total (95% Cl) 7772 6549 100.0% 0.29 [0.19, 0.39] L 2
Heterogeneity: Tau? = 0.06; Chi? = 172.91, df = 26 (P < 0.00001); I* = 85% 1 0 = pa 045 1

Test for overall effect: Z = 5.57 (P < 0.00001)
Test for subaroup differences: Chi* = 23.07. df = 4 (P = 0.0001). I* = 82.7%

Favours [Malocclusion] Favours [No malocclusion]

Fig. 2 Forest plot and summary measure of the association between malocclusions/orthodontic treatment need and OHRQOL measured with different

questionnaires (continuous).

Malocclusions and OHRQOL continuously analysed

The summary results show a small but significant SMD in
OHRQOL scores between children with malocclusions (n=
7772) and without malocclusion (n=6549) (SMD=0.29,
95 % CI=0.19-0.39). We observed high heterogeneity (=
85 %) among the studies that were combined for the summary
measure on malocclusions and OHRQOL scores, which only
partly could be explained by the different OHRQOL measures.
Although there were significant differences in summary esti-
mates among the different OHRQOL measures (X*=23.07,
p<0.001), all indicated a small significant SMD difference in

OHRQOL between children with and without malocclusions.
Only when OHRQOL was measured with the ECOHIS there
was no difference in OHRQOL between children with and
without malocclusions (SMD=0.00, 95 % CI=-0.15-0.16).

Malocclusions and OHRQOL dichotomously analysed

The summary result shows that children with malocclusion
(n=9293) are 1.74 times more likely to have an impact on
OHRQOL than children without malocclusions (r=10,717)
(SOR=1.74, 95 % CI=1.46-2.08). Again, we observed high
heterogeneity (/=81 %) among the studies that were
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Malocclusion No malocclusion Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
6.1.1 CPQ
Ghijselings (2014) 19 310 4 76 1.9% 1.18 (0.39, 3.56)
Paula (2012) 80 125 174 390 54% 2.21(1.46, 3.35)
Sardenberg (2013) 222 388 344 816 6.6% 1.83[1.44, 2.34)
Subtotal (95% Cl) 823 1282 13.9% 1.89 [1.54, 2.33)
Total events 321 522

Heterogeneity: Tau? = 0.00; Chi* = 1.29, df = 2 (P = 0.52); I* = 0%
Test for overall effect: Z = 6.03 (P < 0.00001)

6.1.2 OIDP

Bernabe (2008) 10 25 33 175 26%
Bernabe (2008) (1) 77 165 18 55 3.8%
Bernabe (2009) 109 361 101 673 6.2%
Bernabe (2009) (1) 79 170 182 890 5.9%
Herkrath (2012) 39 140 7 61 2.7%
Hvaring (2014) 19 62 10 101 2.8%
Marques (2006) 75 206 15 127 4.0%
Mbawalla (2011) 340 2070 157 1132 6.9%
Peres (2013) 902 1951 1257 3494 7.4%
Subtotal (95% ClI) 5150 6708 42.2%
Total events 1650 1780

Heterogeneity: Tau? = 0.14; Chi* = 49.91, df = 8 (P < 0.00001); I* = 84%
Test for overall effect: Z = 5.49 (P < 0.00001)

6.1.3 ECOHIS

Carvalho (2013) 158 494 168 575 6.5%
Gomes (2014) 173 546 95 293  6.2%
Kramer (2013) 134 723 45 311 5.7%
Scarpelli (2013) 286 762 315 870 6.9%
Subtotal (95% Cl) 2525 2049 25.4%
Total events 751 623

Heterogeneity: Tau? = 0.00; Chi* = 2.04, df = 3 (P = 0.56); I = 0%
Test for overall effect: Z=1.33 (P =0.18)

6.1.4 OHIP-14

Anosike (2010) 108 502 63 303 59%
Feu (2010) 38 78 26 116 3.9%
Manijth (2012) 74 100 65 100 4.0%
Onyeaso (2009) 81 115 90 159  47%
Subtotal (95% Cl) 795 678 18.4%
Total events 301 244

Heterogeneity: Tau? = 0.17; Chi? = 10.80, df = 3 (P = 0.01); I? = 72%
Test for overall effect: Z = 2.14 (P = 0.03)

Total (95% ClI) 9293 10717 100.0%
Total events 3023 3169

Heterogeneity: Tau? = 0.11; Chi? = 97.56, df = 19 (P < 0.00001); I* = 81%
Test for overall effect: Z = 6.17 (P < 0.00001)

Test for subaroup differences: Chi* = 33.00. df = 3 (P < 0.00001). I* = 90.9%
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Fig. 3 Forest plot and summary measure of the association between malocclusions/orthodontic treatment need and OHRQOL measured with different

questionnaires (dichotomous)

combined for the summary measure on the impacts of maloc-
clusions and OHRQOL, which only partly, but more than in
the continuous meta-analysis, could be explained by the dif-
ferent OHRQOL measures. The difference in SOR between
the different OHRQOL measures was significant (X?=33.00,
p<0.001), and again, when OHRQOL was measured with the
ECOHIS, no association was found between malocclusions
and OHRQOL.

Subgroup analyses

We performed several subgroup analyses in both meta-analyses
to understand the heterogeneity among the studies assessing the

@ Springer

association between malocclusion and OHRQOL. Subgroup
analysis based on the method of malocclusion assessment re-
duced only slightly the heterogeneity in summary estimates,
but we found significant differences in summary estimates be-
tween the subgroups (continuously, X*=12.92, df=3, p=0.005;
dichotomous, X*=18.07, df=4, p=0.001). In the continuous
analysis, the association between malocclusion and OHRQOL
scores was lost, when malocclusions assessment was based on
hypodontia or simply the presence/absence of any malocclu-
sion trait. In contrast, the dichotomous analysis shows that
children with malocclusion based on hypodontia are most like-
ly to have any impact on OHRQOL compared to children with
malocclusions based on other assessments.
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Subgroup analysis based on the age of the participants re-
duced heterogeneity to a bigger extent, and we found signifi-
cant differences in summary estimates between the subgroups
(continuously, X?=25.98, df=3, p<0.001; dichotomous, XP=
27.58, df=3, p<0.001). In the continuous as well as in the
dichotomous analysis, we could not see a significant associa-
tion of malocclusions and OHRQOL in children of age
<8 years. Children between 11 and 14 years old were the most
likely to have an impact of malocclusions on OHRQOL
(SOR=2.28, 95 % CI=1.61-3.24), whereas the biggest differ-
ence in OHRQOL scores was seen in children older than
14 years old (SMD=0.59, 95 % CI=0.40-0.78).

After stratification based on the country of study conduc-
tion, we did not found significant differences between sub-
groups in the continuous meta-analysis, but we did between
the subgroups in the dichotomous analysis (continuously, X*=
11.50, df=6, p=0.07; dichotomous, X2:13.57, df=4, p=
0.009). In general, children with malocclusion were signifi-
cantly more likely to have lower OHRQOL than children
without malocclusions among all countries, except for the
studies conducted in Nigeria/Tanzania, where the association
based on the continuous analysis goes in the other direction
(SMD=-0.06, 95 % C1=-0.30-0.17).

Stratification based on sample recruitment neither reduced
heterogeneity nor showed differences between the subgroups.

Publication bias

We investigated publication bias visually with funnel plots for
both overall meta-analyses. No indication for bias was given.
The funnel plots for the continuous and categorical meta-
analyses are presented in the supplement (supplement S4).

Sensitivity analyses

No or only little differences appeared in the summary esti-
mates, when one of the studies was omitted. None of the
changes in the summary estimates were significant
(Supplement S5).There were no significant differences in
summary estimates between studies of high and low method-
ological quality (NOS score<5) in both meta-analyses
(Table 2).

Discussion

In this meta-analysis, we show that malocclusions in children
and adolescents between the age of 8 and 18 years are asso-
ciated with lowered OHRQOL. We clearly see an impact of
malocclusions on OHRQOL, albeit this impact seems small.
There was high heterogeneity among the studies included in
the present meta-analysis, which was partly explained by dif-
ferent factors.

OHRQOL ‘reflects people’s comfort when eating, sleeping
and engaging in social interaction, their self-esteem and their
satisfaction with respect to their oral health’ [4]. Thus, it en-
compasses the physical, social and psychological aspects of
oral health. Consequently, OHRQOL is suggested to be a
multidimensional concept, influenced by individual factors
and not stable, but dynamic, over time. This idea is supported
by our subgroup analyses, as we show significant differences
in the association of malocclusions and OHRQOL among
several subgroups.

Firstly, we have shown that the age of the children had a
major influence on the association between malocclusions and
OHRQOL. Children between the age of 11 and 14, the age
when they undergo major life changes, were most likely to
have any impact of malocclusions on OHRQOL, but children
older than 14 years showed the biggest impact of malocclu-
sions on OHRQOL. In contrast, we did not see any association
of malocclusions with OHRQOL in the younger age groups.
Correspondingly, we could not see a relationship between
malocclusions and the OHRQOL measure designed for and
commonly used in toddlers, the ECOHIS [12]. Thus, based on
our results it seems that the older the children get, the more
their malocclusion affects their OHRQOL and this relation
gets at first evident around the children’s age of 8 years old.
Longitudinal cohort studies that follow children from the age
of 8 years into adulthood would contribute to a better under-
standing of the dynamics within the relationship of malocclu-
sion with OHRQOL.

Secondly, we also showed differences in the association of
malocclusion and OHRQOL between the countries of study
conduction, which reflects possible cultural differences. We
think that cultural differences may be expressed in both the
perception of malocclusions, as well as in the interpretation of
OHRQOL. This is in agreement with the World Health Orga-
nization Quality of Life group describing the quality of life as
an ‘individuals perception of his/her position in life in the
context of culture and value systems in which they live [...]’
[59]. Also, other authors suggested that the perception of oral
health, in this case malocclusion, and its influence on
OHRQOL might be influenced by the local health care sys-
tem, which adds to the explanation of the differences in the
association of malocclusion with OHRQOL between coun-
tries [60]. Finally, the effect of malocclusions on OHRQOL
might depend on how prevalent other oral diseases are and
how important dental aesthetics are seen in certain sociocul-
tural structures, which could explain the big difference in the
association of malocclusions with OHRQOL between Brazil
and African countries. In general, children and their parents
may have problems to relate malocclusion to oral health as
most orthodontic conditions are asymptomatic [6, 61]. This
would explain why we see a clear but relatively small
difference in OHRQOL scores between children with
malocclusions and children without malocclusions. The
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size of the overall summary SMD obtained in the pres-
ent meta-analysis likely reflects changes in one or two
questions of OHRQOL measures.

The association of malocclusion and OHRQOL is based on
several ideas. Patients with severe or long-term untreated mal-
occlusions might suffer from pain due to temporomandibular
disorders or dental trauma [3, 62, 63]. Malocclusion might
also cause functional problems, like problems with speaking,
mastication and subsequent restricted food choice [3, 64].
Most often, however, researchers write about the impact of
malocclusions on the social-emotional domain of OHRQOL.
This domain reflects the appearance of the dentition and relat-
ed bullying, reduced self-esteem related to oral health, and
being ashamed of laughing or in interaction with peers [3,
65-67]. We could not investigate these subdomains of
OHRQOL individually in this meta-analysis. However, we
showed that the associations between malocclusions and
OHRQOL varied among the different subgroups of malocclu-
sion assessments. Those assessment methods focus on differ-
ent aspects of the occlusion, and, therefore, the associations
within these subgroups could be translated to a certain domain
of OHRQOL. In our meta-analysis, we saw the biggest differ-
ence in OHRQOL scores between children with and children
without malocclusions, when the latter was assessed with the
DAI The DAI is an orthodontic treatment need index based
on socially defined aesthetic standards [68]. This supports,
that malocclusions largely impact the social-emotional do-
main of OHRQOL. In addition, we have seen in our narrative
review that some evidence about the association of the IOTN-
AC with OHRQOL points in the same direction. Also, our
narrative review points to a missing association between the
IOTN-DHC or ICON and OHRQOL (Supplement S2). The
IOTN-DHC and ICON do measure malocclusion traits that
might not be related to the domains of OHRQOL, like
crossbites or impacted teeth in an early stage.

This is the first meta-analysis on the association of
malocclusions or orthodontic treatment need and
OHRQOL in children and adolescents. An important fac-
tor in meta-analysis is the quality of the included studies.
We did not exclude studies based on their methodological
quality, because our main aim was to give a complete
comprehensive overview of the topic. All studies in this
meta-analysis were cross-sectional, which is considered to
be the study design of the lowest quality because of its
susceptibility to reverse causation. However, reverse cau-
sation is not a matter of concern to the association of
malocclusion with OHRQOL. In addition, we evaluated
the methodological quality of the individual studies and
we did not find significant differences between studies of
high and low quality. Generally, we extracted the descrip-
tive data from the selected articles. Therefore, our data are
all crudely analysed, without adjustments for confounders
like gender, social economic status (SES) or other oral

diseases. However, in this way, we were able to include
a maximum of studies. We also did not adjust the results
for whether the OHRQOL instruments address the ques-
tions directly to the children (OIDP, CPQ, OHIP) or make
use of parent forms (ECOHIS, COHIP). Accordance be-
tween parental and child reports on OHRQOL is widely
described in the literature. Especially in orthodontics, par-
ents are seen as valid proxies for the assessment of their
children’s OHRQOL [69-72]. If discrepancies between
parents and children assessments exist, children tend to
report their own OHRQOL lower than their caregivers
do, which means that the associations between children’s
malocclusion and OHRQOL assessed by parents are rath-
er underestimated than overestimated. Though, we con-
ducted the meta-analysis on 40 studies including 28,496
children and, therefore, we think that the benefits of the
quantitative analysis outweigh the limitations of this me-
ta-analysis.

Several systematic reviews about malocclusions and
OHRQOL have been conducted; however, to our knowledge,
only two have restricted their studies to children and adoles-
cents [2, 3, 6, 7, 73]. Barbosa and Gaviad wrote about contra-
dictory results among six studies on the association of maloc-
clusions and OHRQOL [6]. Dimberg et al have recently pub-
lished a systematic review on the association of malocclusions
and OHRQOL and tried to limit variability by restricting their
review to high-quality studies (n=6) [73]. In both reviews, the
researchers suggest that the effect of malocclusions is mainly
on the social-emotional wellbeing domain, but they can only
speculate on other sources of inconsistency [6, 73]. The
strength of our study is that we are able to explain some
sources of this variability in the association between maloc-
clusion and OHRQOL. Another strength of our study is that
we analysed both dichotomous and continuous data on the
association of malocclusions and OHRQOL. In this way, we
maximized the amount of included studies. In addition, we
could not only write about whether there is an impact of mal-
occlusions on OHRQOL, but we make conclusion about the
size of the impact. Finally, we have also shown that the results
of our summary measures are robust and have not been affect-
ed by publication bias.

Unfortunately, in this systematic review, we were not able
to focus on more personal factors influencing the association
of malocclusions with OHRQOL, like SES, gender or self-
esteem. Only one study, included in the narrative review, no-
ticed that the association between malocclusion and
OHRQOL is attenuated in children with low self-esteem
[74]. This might be one reason why we could not explain all
heterogeneity among the studies. However, we noticed in-
creasing research interest in the modifying role of personal
factors in the association of malocclusions with OHRQOL,
and based on this meta-analysis, we highly recommend to
continue this research strand.

@ Springer



1892 Clin Oral Invest (2016) 20:1881-1894
Conclusion 8. Jokovic A, Locker D, Stephens M, Kenny D, Tompson B, Guyatt G
(2002) Validity and reliability of a questionnaire for measuring
L . . child oral-health-related quality of life. J Dent Res 81:459-463
The association of malocclusion and OHRQOL has mainly 9. Slade GD (1997) Derivation and validation of a short-form oral
been assessed in cross-sectional studies. From these studies, health impact profile. Community Dent Oral Epidemiol 25:284-90
it can be concluded that children perceive a small impact of 10 Broder HL, McGrath C, Cisneros GJ (2007) Questionnaire devel-
malocclusions on OHRQOL. The effect of malocclusions on opment: face validity and 1tem.11npact testing Qf the. Child Oral
R . . K Health Impact Profile. Community Dent Oral Epidemiol 35(Suppl
OHRQOL is modified by the age of the children and their 1):8-19
cultural environment. Further research should investigate 11.  Gherunpong S, Tsakos G, Sheiham A (2004) Developing and eval-
whether remaining heterogeneity in the association of maloc- léating alg)oral lzjealth-related quality (;fhli2fe in6deX9f0r children; the
p p . PP HILD-OIDP. Community Dent Health 21:161—
clusions with OHRQOL can be explained by other individual 12.  Pahel BT, Rozier RG, Szde GD (2007) Parental perceptions of
factors of the children. children’s oral health: the Early Childhood Oral Health Impact
Scale (ECOHIS). Health Qual Life Outcomes 5:6
13. Moher D, Liberati A, Tetzlaff J, Altmann DG (2009) Preferred
Acknowledgement The authors are grateful to the Liberians of the reporting items for systematic reviews and meta-analyses: the
Erasmus Medical Center who helped to build the search strategy and to PRISMA statement. Ann Intern Med 151:264-269
conduct the literature search. 14. Bernabe E, de Oliveira CM, Sheiham A (2008) Comparison of the
discriminative ability of a generic and a condition-specific
OHRQoL measure in adolescents with and without normative need
Compliance with ethical standards This article does not contain any for orthodontic treatment. Health Qual Life Outcomes 6:64
studies with human participants or animals performed by any of the au- 15. Marques LS, Ramos-Jorge ML, Paiva SM (2006) Pordeus TA
thors. The work was supported by the Department of Oral & Maxillofa- (2006) malocclusion: esthetic impact and quality of life among
cial Surgery, Special Dental Care and Orthodontics of Erasmus Medical Brazilian schoolchildren. Am J Orthod Dentofacial Orthop 129:
Center in Rotterdam, the Netherlands. 424-427
16. Montiel-Company JM, Bellot-Arcis C, Almerich-Silla JM (2013)
Contlict of interest The authors declare that they have no competing Validation of the psychosocial impact of dental aesthetics question-
interests. naire (pidaq) in Spanish adolescents. Med Oral Patol Oral Cir Bucal
18:e168—¢173
17.  Zhang M, McGrath C, Hagg U (2009) Orthodontic treatment need
and oral health-related quality among children. Community Dent
Open Access This article is distributed under the terms of the Creative Health 26:58-61
Commons Attribution 4.0 International License (http:// 18. Barbosa TS, Tureli MCM, Gaviao MBD (2009) Validity and reli-
creativecommons.org/licenses/by/4.0/), which permits unrestricted use, ability of the Child Perceptions Questionnaires applied in Brazilian
distribution, and reproduction in any medium, provided you give children. BMC Oral Health 9:13
appropriate credit to the original author(s) and the source, provide a link 19. Bernabe E, de Oliveira CM, Sheiham A, Tsakos G (2009)
to the Creative Commons license, and indicate if changes were made. Comparison of the generic and condition-specific forms of the
Oral Impacts on Daily Performances (OIDP) Index. J Publ Health
Dent 69:176-181
20. Bernabe E, Krisdapong S, Sheiham A, Tsakos G (2009)
References Comparison of the discriminative ability of the generic and
condition-specific forms of the child-OIDP index: a study on chil-
1. Schuller AA, van Kempen IPF, Poorterman JHG, Verrips GHW dren with different types. of 11.0rrnative dental treatment needs.
(2013) Kies voor Tanden. Een onderzoek naar mondgezondheid C,O m.mumty Dent Oral Epidemiol 37:155-162 .
en preventief tandheelkundig gedrag van jeugdigen, 21. nggms JPT, Green‘S (2011? Cochrane handbook for systematic
Hoofdmeeting 2011. Academisch Tandheelcentrum Amsterdam Teviews of mterventl.ons version 5.1.0 [updated March 2011] The
(ACTA), The Netherlands Cochrane Collaboration. Available from www.cochranehandbook.
. R . . org
L, MG . i) G109 Th It f o 22 Nt O, amam S, M 5 Py M, Mt
e85 501 q NS : (2012) Oral health-related quality of life (OHQoL) among adoles-
. . . cents seeking orthodontic treatment. J Contemp Dental Pract 13:
3. Zhang M, McGrath C, Hiagg U (2006) The impact of malocclusion 204298
and its treatment on quality of life: a literature review. Int J of 23. Aguilar-Diaz FC, Irigoyen-Camacho ME, Borges-Yanez SA
Paediatr Dent 16:381-387 (2011) Oral-health-related quality of life in schoolchildren in
4. Sischo L, Broder HL (2011) Oral health-related quality of life: an endemic fluorosis area of Mexico. Qual Life Res 20:
what, why, how, and future implications. J Dent Res 90:1264—1270 1699-1706
5. Cunningham SJ, Hunt NP (2001) Quality of life and its importance 24, Dawoodbhoy I, Delgado-Angulo EK, Bernabe E (2013) Impact of
in orthodontics. J Orthod 28:152-158 malocclusion on the quality of life of Saudi children. Angle Orthod
6. Barbosa TS, Gavido MBD (2008) Oral health-related quality of life 83:1043-1048
in children: part II. Effects of clinical oral health status. A system- 25. Foster Page LA, Thomson WM, Jokovic A, Locker D (2005)
atic review. Int ] Dent Hyg 6:100-107 Validation of the Child Perceptions Questionnaire (CPQ 11-14). J
7. Andiappan M, Gao W, Bernabé E, Kandala NB, Donaldson AN Dent Res 84:649-652
(2015) Malocclusion, orthodontic treatment, and the Oral Health 26. Foster Page LA, Thomson WM, Ukra A, Farella M (2013) Factors

Impact Profile (OHIP-14) systematic review and meta-analysis.
Angle Orthod 85:493-500

@ Springer

influencing adolescents’ oral health-related quality of life
(OHRQoL). Int J Paediatr Dent 23:415-423


http://www.cochranehandbook.org/
http://www.cochranehandbook.org/

Clin Oral Invest (2016) 20:1881-1894

1893

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Kolawole KA, Otuyemi OD, Oluwadaisi AM (2011) Assessment of
oral health-related quality of life in Nigerian children using the
Child Perceptions Questionnaire (CPQ 11-14). Eur J Paediatr
Dent 12:55-59

Locker D, Jokovic A, Tompson B, Prakash P (2007) Is the child
perceptions questionnaire for 11-14 year olds sensitive to clinical
and self-perceived variations in orthodontic status? Community
Dent Oral Epidemiol 35:179-185

Scapini A, Feldens CA, Ardenghi TM, Kramer PF (2013)
Malocclusion impacts adolescents’ oral health-related quality of
life. Angle Orthod 83:512-518

Schuch HS, Dos Santos CF, Torriani DD, Demarco FF, Goettems
ML (2014) Oral health-related quality of life of schoolchildren:
impact of clinical and psychosocial variables. Int J Paediatr Dent
25:358-365

Ukra A, LA F p, Thomson WM, Farella M, Tawse Smith A, Beck V
(2013) Impact of malocclusion on quality of life among New
Zealand adolescents. N Z Dent J 109:18-23

Paula DF, Silva ET, Campos AC, Nunez MO, Leles CR (2011)
Effect of anterior teeth display during smiling on the self-
perceived impacts of malocclusion in adolescents. Angle Orthod
81:540-545

Brown A, Al-Khayal Z (2006) Validity and reliability of the Arabic
translation of the child oral-health-related quality of life question-
naire (CPQI11-14) in Saudi Arabia. Int J Paediatr Dent 16:405-411
Onyeaso CO (2009) Orthodontic treatment complexity and need
with associated oral health-related quality of life in Nigerian ado-
lescents. Oral Health Prev Dent 7:235-241

Asgari I, Ahmady AE, Yadegarfar G, Eslamipour F (2013)
Evaluation of orthodontic treatment need by patient-based methods
compared with normative method. Dent Res J (Isfahan) 10:636—
642

Kragt L, Tiemeier H, Wolvius EB, Ongkosuwito EW (2015)
Measuring oral health-related quality of life in orthodontic patients
with a short version of the child oral health impact profile. J Public
Health Dent

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M,
Tugwell P (2000) The Newcastle-Ottawa Scale (NOS) for assessing
the quality of nonrandomised studies in meta-analyses. http://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp. Accessed at
28 Spetember 2015

Herzog R, Alvarez-Pasquin MJ, Diaz C, Del Barrio JL, Estrada JM,
Gil A (2013) Are healthcare workers’ intentions to vaccinate related
to their knowledge, beliefs and attitudes? A systematic review.
BMC Public Health 13:154

Higgins JPT, Thompson SG, Deeks JJ, Altman DG (2003)
Measuring inconsistency in meta-analyses. BMJ 327:557-560
Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in
meta-analysis detected by a simple, graphical test. BMJ 315:629—
634

Sardenberg F, Martins MT, Bendo CB, Pordeus IA, Palva SM,
Auad SM, Vale MP (2013) Malocclusion and oral health-
related quality of life in Brazilian school children. Angle
Orthod 83:83-89

Bekes K, John MT, Zyriax R, Schaller HG, Hirsch C (2012) The
German version of the Child Perceptions Questionnaire (CPQ-G11-
14): translation process, reliability, and validity in the general pop-
ulation. Clin Oral Invest 16:165-171

Bhayat A, Ali MAM (2014) Validity and reliability of the Arabic
short version of the child oral health-related quality of life question-
naire (CPQ 11-14) in Medina, Saudi Arabia. East Mediterr Health J
20:409-414

Ghijselings I, Brosens V, Willens G, Fieuws S, Clijmans M,
Lemiere J (2014) Normative and self-perceived orthodontic treat-
ment need in 11- to 16-year-old children. Eur J Orthod 36:179-185

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Laing E, Cunningham SJ, Jones S, Moles D, Gill D (2010)
Psychosocial impact of hypodontia in children. Am J Orthod
Dentofacial Orthop 137:35-41

Paula JS, Leite IC, Almeida AB, Ambrosano GM, Pereira
AC, Milalhe FL (2012) The influence of oral health condi-
tions, socioeconomic status and home environment factors
on schoolchildren’s self-perception of quality of life. Health
Qual Life Outcomes 10:6

Bernabe E, Sheiham A, De Oliveira CM (2008) Condition-specific
impacts on quality of life attributed to malocclusion by adolescents
with normal occlusion and class I, II and III malocclusion. Angle
Orthod 78:977-982

Herkrath FJ, Rebelo MA, Herkrath AP, Vetore MV (2013)
Comparison of normative methods and the sociodental approach
to assessing orthodontic treatment needs in 12-year-old
schoolchildren. Oral Health Prev Dent 11:211-220

Hvarin CL, Birkeland K, Astrom AN (2014) Discriminative ability
of the generic and condition specific Oral Impact on Daily
Performance (OIDP) among adolescents with and without
hypodontia. BMC Oral Health 14:57

Mbawalla HS, Mtaya M, Masalu JR, Brudvik P, Astrom AN (2011)
Discriminative ability of the generic and condition-specific Child-
Oral Impacts on Daily Performances (Child-OIDP) by the
Limpopo-Arusha School Health (LASH) Project: A cross-
sectional study. BMC Pediatr 11

Peres KG, Cascaes AM, Ledo AT, Cortes MI, Vettore MV
(2013) Sociodemographic and clinical aspects of quality of
life related to oral health in adolescents. Revista De Saude
Publica 47:19-28

Abanto J, Carvalho TS, Mendes FM, Wanderley MT, Bonecker M,
Raggio DP (2011) Impact of oral diseases and disorders on oral
health-related quality of life of preschool children. Community
Dent Oral Epidemiol 39(2):105-114

Carvalho AC, Paiva SM, Viegas CM, Scarpelli AC, Ferreira FM,
Pordeus IA (2013) Impact of malocclusion on oral health-related
quality of life among Brazilian preschool children: a population-
based study. Braz Dent J 24:655-661

Gomes MC, Pinto-Sarmento TC, Costa EM, Martins CC,
Granville-Garcia AF, Paiva SM (2014) Impact of oral health
conditions on the quality of life of preschool children and
their families: a cross-sectional study. Health Qual Life
Outcomes 12:55

Kramer PF, Feldens CA, Ferreira SH, Bervian J, Rodrigues PH,
Peres MA (2013) Exploring the impact of oral diseases and disor-
ders on quality of life of preschool children. Community Dent Oral
Epidemiol 41:327-335

Scarpelli AC, Paiva SM, Viegas CM, Carvalho AC, Ferreira FM,
Pordeus IA (2013) Oral health-related quality of life among
Brazilian preschool children. Community Dent Oral Epidemiol
41:336-344

Anosike AN, Sanu OO, da Costa OO (2010) Malocclusion and its
impact on quality of life of school children in Nigeria. West Afr J
Med 29:417-424

Feu D, De Oliveira BH, De Oliveira AMA, Kiyak HA, Miguel JA
(2010) Oral health-related quality of life and orthodontic treatment
seeking. Am J Orthod Dentofacial Orthop 138:152—159

Bonomi AE, Patrick DL, Bushnell DM, Martin M (2000)
Validation of the United States’ version of the World Health
Organization Quality of Life (WHOQOL) instrument. J Clin
Epidemiol 53:1-12

Broder HL (2007) Children’s oral health-related quality of life.
Community Dent Oral Epidemiol 35:5-7

O’Brien K, Kay L, Fox D, Mandall N (1998) Assessing oral health
outcomes for orthodontics—measuring health status and quality of
life. Community Dent Health 15:22-26

@ Springer


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

1894 Clin Oral Invest (2016) 20:1881-1894
62. Celenk S, Sezgin B, Ayna B, Atakul F (2002) Causes of dental 69. Bos A, Hoogstraten J, Zentner A (2010) Perceptions of Dutch or-
fractures in the early permanent dentition: a retrospective study. J thodontic patients and their parents on oral health-related quality of
Endod 28:208-210 life. Angle Orthod 80:367-372
63. Henrikson T, Nilner N (2003) Temporomandibular disorders, oc- 70. Wilson-Genderson M, Broder HL, Phillips C (2007) Concordance
clusion and orthodontic treatment. J Orthod 30:129-137 between caregiver and child reports of children’s oral health-related
64. Jeryl DE, Buschang PH, Throckmorton GS (2002) Does malocclu- quality of life. Community Dent Oral Epidemiol 35:32—40
sion affect masticatory performance? Angle Orthod 72:21-27 71. Benson P, O’Brien C, Marshman Z (2010) Agreement between
65. Seehra J, Fleming PS, Newton T, DiBiase AT (2011) Bullying in mothers and children with malocclusion in rating children’s oral
orthodontic patients and its relationship to malocclusion, self- health-related quality of life. Am J Orthod Dentofacial Orthop
esteem and oral health-related quality of life. J Orthod 38:247-256 137:631-638
66. De Baets E, Lambrechts H, Lemiere J, Diya L, Willems G (2012) 72.  Zhang M, McGrath C, Hagg U (2007) Who knows more about the
Impact of self-esteem on the relationship between orthodontic treat- impact of malocclusion on children’s quality of life, mothers or
ment need and oral health-related quality of life in 11- to 16-year- fathers? Eur J Orthod 29:180-185
old children. Eur J Orthod 34:731-737 73. Dimberg L, Arnrup K, Bondemark L (2015) The impact of
67. Shah ND, Arruda A, Inglehart MR (2011) Pediatric patients’ ortho- malocclusion on the quality of life among children and ad-
dontic treatment need, quality of life, and smiling patterns — an olescents: a systematic review of quantitative studies. Eur J
analysis of patient, parent, and provider responses. J Public Health Orthod 37:238-247
Dent 71:62-70 74. Agou S, Locker D, Streiner DL, Tompson B (2008) Impact of self-

68.

Jenny J, Cons NC (1996) Establishing malocclusion severity levels
on the Dental Aesthetic Index (DAI) scale. Aust Dent J 41:43-46

@ Springer

esteem on the oral-health-related quality of life of children with
malocclusion. Am J Orthod Dentofacial Orthop 134:484-489



	The impact of malocclusions on oral health-related quality of life in children—a systematic review and meta-analysis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Aim of the study
	Material and methods
	Literature search
	Study selection
	Data extraction
	Data synthesis
	Quality assessment
	Statistical analysis

	Results
	Malocclusion assessment and OHRQOL measures of studies included in meta-analysis
	Meta-analysis
	Malocclusions and OHRQOL continuously analysed
	Malocclusions and OHRQOL dichotomously analysed
	Subgroup analyses
	Publication bias
	Sensitivity analyses


	Discussion
	Conclusion
	References


